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Spinal instrumentation using pedicle screws is commonly used for stabilization of the spine. The close proximity of the pedicles to the spinal canal and surrounding vessels may lead to serious complications with misplaced pedicle screws.[@ref1][@ref2] Thus, accurate and safe placement of the screw within the confines of the pedicle is of paramount importance for a successful surgery. Individual anatomical variations in the pedicle axis, width and body habitus may result in misplacement of pedicle screws.[@ref1][@ref2] Additionally, screw placement in revision surgery where the anatomical landmarks are distorted or covered by a bony fusion mass is both challenging and time consuming. Scoliotic spinal curves also increase the potential risk for significant neurological, vascular, and visceral injury.[@ref3] A search for methods to improve the surgical accuracy of pedicle screw insertion resulted in the advent of fluoroscopic and more recently computerized tomography (CT)-guided screw placement.[@ref4] The CT-guided techniques require preoperative CT scans integrated with expensive and potentially time-consuming Computer Technology Reference. Apart from limited availability, it lengthens the duration of surgery, which has been correlated to an increased incidence of surgical site infection in procedures involving spinal instrumentation.[@ref5][@ref6]

Combining the principles of fluoroscopy and tactile guidance, we were able to place pedicle screws in the lumbar spine safely and accurately using fluoroscopy in the anteroposterior (AP) plane alone. This study presents the technique and evaluates the positioning of the screws with intraoperative fluoroscopic images and postoperative radiographs in all patients and CT scan in a select group of patients.
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An Institutional Review Board approved retrospective study was carried out on 308 patients who underwent lumbar spinal fusion. Their mean age was 52 years (range 31-79 years) at the time of surgery. This included 186 men and 122 women. Treatment consisted of single or multilevel fusions of the lumbar spine, resulting in 626 fusion levels. A total of 1806 pedicle screws were placed using fluoroscopy only in the AP plane who underwent decompression, posterolateral fusion and instrumentation (n=117); transforaminal lumbar interbody fusion (TLIF) (n=104); and front back 360° fusions (n=87). There were 182 patients with two-level fusion, 79 with single-level fusion, 26 with three-level fusion, and 21 with more than three-level fusions \[[Table 1](#T1){ref-type="table"}\]. The indications of surgery included spondylolisthesis, adult scoliosis, revision surgery, lumbar canal stenosis, and discogenic back pain. The Universal Spinal System (USS) Click-X (Synthes Spine, Paoli, USA), or Texas Scottish Rite Hospital (TSRH) (Medtronic, Minneapolis, USA) pedicle screw systems were used for posterior spinal stabilization. Patients who had a front back procedure were stabilized anteriorly with a plate or screw and washer to prevent displacement of the interbody graft. Pedicle screws were inserted under fluoroscopic guidance in the AP plane alone with a final lateral image after completion of implant placement. Radiographs were performed postoperatively in all patients and CT scans were obtained on 78 patients with 588 screws. CT scans were performed only if there was concern for union or patients reported recurrence of back or leg pain. Imaging studies were examined independently by a surgeon and a radiologist to evaluate the position of screws. Screw placement was best evaluated on intraoperative fluoroscopic images as the vertebrae were square during pedicle screw insertion in the posteroanterior (PA) view. During placement of the screw, it was ensured that the screw tip remained within the elliptical density of the pedicle. If a small part of the screw breached the medial wall of the ellipse, it was acceptable since by this time the screw had passed the pedicle and was in the vertebral body. If any part of the screw lay lateral to the lateral wall of the ellipse, it was considered a violation of the lateral wall. The lateral images determined anterior vertebral wall integrity and also the caudal-cephalic orientation of the screw. Acceptable position of the screw was recorded if the pedicle screw lay within the superior and inferior borders of the pedicle and did not violate the anterior cortex. CT scan images were classified according to the Learch[@ref7] and Wiesner.[@ref8] In this classification, there are four main categories for screw misplacement:

###### 

Fusion levels and types (n=308)
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Encroachment if the pedicle cortex could not be visualized.Minor penetration when the screw trajectory was \<3 mm outside the pedicular boundaries.Moderate penetration when the screw trajectory was 3--6mm outside the pedicular boundaries.Severe penetration when the screw trajectory was \>6mm outside the pedicular boundaries.
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Patients were placed prone on a Jackson spinal table with a prone view device to position the head. A Kambin frame allowed the abdomen to hang freely in its valley. Following a standard surgical exposure with posterior midline incision and exposure to the tips of the transverse processes bilaterally, a C-arm was used to obtain a true AP image of the pedicles. The images were determined to be true AP if the superior end plate of the vertebral body appeared sharp and the spinous process was in the midline \[[Figure 1](#F1){ref-type="fig"}\]. This occurred once the superior endplate was parallel to the image intensifier\'s beam. Now the pedicles presented as two identical elliptical densities on either side of the spinous processes. The entry point of each pedicle screw on the fluoroscopic image started at the most lateral aspect of the elliptical density at its center in the cranial--caudal plane \[[Figure 2](#F2){ref-type="fig"}\]. A 3.2 mm drill was used to drill a starting point directed medially with an obliquity equal to that of the C-arm required to obtain a true AP view. At this time, the ellipse was seen to be bisected by the drill, signifying that drill trajectory was correct. Each pedicle was then pre-drilled, and a ball-tipped straight probe was used to assess for cortical violation. C-arm images were obtained at the starting point and at completion of drilling while the surgeon stepped away from the field in the latter instance. The key point of the procedure was to be able to repeatedly get the proper AP image of each vertebra which our radiology technicians picked up fairly quickly. One also needs to advance the probe anteromedially with a force enough to penetrate the vertebral cancellous bone but not the anterior cortex. No further pressure was applied on the probe once hard anterior cortical bone was felt. Following measurement of depth, a suitable pedicle screw was then placed. Sacral screws were placed with a bicortical purchase. While probing the sacrum, a point of anterior give way was felt when the probe transited from a bony canal into the soft anterior sacral structures and determined the screw length. By staying in the ellipse, there is no danger of straying superiorly or inferiorly.

![True AP fluoroscopic image showing sharp superior end plate of the vertebral body and midline spinous process](IJOrtho-46-434-g002){#F1}

![Fluoroscopic true AP Images showing (a) Starting point of drill on the lateral edge of the pedicle ellipse. (b, c) Progress of drill medially. (d) Blunt-tipped probe for penetration of cancellous bone in vertebral body. (e) Starting point of pedicle screw. (f) Final screw placement](IJOrtho-46-434-g003){#F2}

In patients with scoliosis, the preoperative magnetic resonance imaging (MRI) or CT scan was reviewed to determine vertebral morphology. In many adult scoliosis patients, the vertebrae are not dysmorphic and are simply rotated and angulated. In these patients, the AP view can be obtained by rotating the C-arm in the axial and coronal planes. We have found this technique to be especially useful in these patients \[[Figure 3](#F3){ref-type="fig"}\].

![Entry point of pedicle screw on the fluoroscopic image](IJOrtho-46-434-g004){#F3}
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A total of 1806 screws were placed from L1 to S1 and evaluated for accuracy of placement. Although AP and lateral radiographs were performed on all patients postoperatively \[[Figure 4](#F4){ref-type="fig"}\], accuracy of screw placement was determined based on CT scan images only performed on 78 patients. There were 29 (5%) cortical wall perforations noted in 588 screws, which did not result in any postoperative vascular or neural complications. Anterior cortical vertebral violation was noted in 14 patients and graded as minor (n=9) and moderate (n=5), while in another 9, the screws penetrated the lateral wall of the pedicle. The lateral wall violations were graded as six minor and three moderate. The medial wall of the pedicle was encroached in six patients with no frank perforations. Further, there were no severe penetrations and none of the screws had to be revised due to screw malposition. Additionally, none of the screws violated the disc space and were misplaced in the cephalo-caudal direction. At their latest followup, no patients displayed delayed neurological complications.

![X-ray (Anteroposterior (a) and lateral (b) view) lumbosacral spine in an adult degenerative scoliosis showing multilevel instrumentation](IJOrtho-46-434-g005){#F4}
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The aim of this study was to evaluate the efficacy of pedicle screw placement with the use of fluoroscopy in the AP plane only. Currently, the rate of misplaced screws has been variably reported in literature as ranging from 10 to 15%, with some reports showing as high as 40%.[@ref2][@ref9] In the present series of 1806 pedicle screws, frank penetration was noted in 23 screws, of which 8 screws penetrated by more than 2mm. Six screws encroached the medial wall of the pedicle and none displayed frank penetration. Further, none of the patients with misplaced screws showed features of neural, vascular, or visceral injuries. Researchers have observed that a 4 mm "safe zone" exists adjacent to the pedicle in the lumbar spine since no clinical neurologic complications were observed for the screws violating the pedicle by 0--4 mm.[@ref10] Most surgeons consider 2 mm to be the safe penetration that may not result in neural complications.[@ref2]

The most important step to prevent complications is confirmation of an accurate pedicle screw starting point within the confines of the pedicle. Placement of screws in the presence of a previous fusion mass is both challenging and time consuming since the normal anatomy is obliterated and bony landmarks that guide screw placement are not visualized. However, radiographically, the pedicles may be visualized and a suitable starting point identified. Further, as described in the technique, the end point of screw insertion may be recognized with both radiographic and tactile guidance. The benefits of this technique were also clear in patients undergoing long spinal fusions. As screws are placed more efficiently, surgical time and surgeon exhaustion may potentially be minimized allowing the procedure to be performed more effectively. This may not be significant when single-level procedures are performed, but has a summation effect in multilevel surgery.

In an earlier study, we had determined that obesity adversely affects the rate of intraoperative complications associated with lumbar fusion surgery.[@ref11] Surgical procedures are required to be performed in a deeper plane with limited visualization and illumination. Unlike other reports, in the present study, we noted that the rate of misplaced screws in the obese was not affected by the body mass index (BMI) of the patient.[@ref12] We attribute this to the use of the SynFrame Access and Retractor System (Synthes Inc., West Chester, PA, USA).

Another relevant factor for screw misplacement is pedicle convergent angle. Morphometric anatomic studies have determined that pedicles flare out laterally from the upper to lower lumbar spine.[@ref13] Transverse pedicle angles of the lower lumbar spine range from 8.0°--23.5° at L3 (mean 14.4°) to 19.0°--44.0° at L5 (mean 29.8°).[@ref14] Several authors have reported more discrepancy between the pedicle convergent angle and the screw trajectory angle in the lower lumbar spine.[@ref12] The lumbar pedicles are wider than their thoracic counterparts, allowing some play in the trajectory of screw insertion. The pedicle screws may be placed either along the midpedicular axis, requiring longer incisions, or in a straighter trajectory with their tips ending in the lateral vertebral body. The insertion of the pedicle screws in a straight fashion does not require extensive dissection, retraction, or excision of paraspinal musculature, while placement along the transverse pedicle angles can range up to 38° from the midline. We had earlier reported that straight screw insertion results in a pedicle screw construct that has a better fatigue performance.[@ref13] Based on this study, we place our screws straighter in obese patients, resulting in smaller incisions with no increase in failure rate.

This study differs from the others as the technique relies only on the PA image for screw insertion and utilizes the lateral image as a confirmatory image, which could potentially decrease the amount of fluoroscopic time used during surgery. We noted that an assessment of screw placement could be carried out more accurately using fluoroscopic images since the vertebral bodies during screw insertion were square with the beam of the C-arm being parallel to the vertebral body. In contrast, postoperative AP radiographs included the entire lumbar spine and were unable to neutralize the vertebral angle, especially in the lower lumbar spine and sacrum, giving an erroneous assessment of screw position due to the presence of a parallax. Lateral radiographs were able to determine anterior cortical violation if the screws penetrated close to the center of the vertebral body. Pedicle screws that violated the anterior cortex more laterally also appeared accurately positioned due to the circular shape of the anterior vertebra and superimposition of the central anterior cortex. For this reason, we have used only CT images to evaluate the accuracy of pedicle screw placement.

As reported earlier, the gold standard for assessment of pedicle screw position is postoperative CT scans. Previous reports looking at the use of CT scans in detecting pedicle wall breaches show an accuracy rate of 87 ± 3% for titanium screws.[@ref15] The results and conclusions of this study are based on CT images available on 78/308 patients (25%), and it may be of concern that all patients did not undergo this imaging study. However, CT scans were performed only in patients with a suspicion of nonunion or with complaints of recurrence of back or leg pain. These patients thus represent the group with inferior results in the cohort. It is our premise that if CT scans were performed on all patients, the screw perforation rate may be the same or even less since all remaining patients had an uneventful recovery and noted improved outcomes following surgery. Additionally, this technique has a learning curve since it depends on tactile sensation. Though experienced hands may find it fairly easy, to the uninitiated surgeon this may be a challenge.
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The preliminary results of this study suggest that placement of pedicle screws with fluoroscopic guidance using AP plane imaging alone is safe, fast, and reliable for an operator with good understanding of the radiographic landmarks. The greatest benefits of this technique are in long spinal fusions, revison surgery, and in obese patients.
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